International Journal of Smart Sensor and Adhoc Network
Volume 3

Issue 3

Article 8

March 2022

An Efficient ICI Cancellation Scheme to Mitigate the Effect of ICI
on OFDM Systems
Arunabh Kumar
Eklavya University,Damoh, India, arunabh.k@gmail.com

Shailendra Singh Pawar
Eklavya University,Damoh, India, pawars1981@gmail.com

Kundan Kumar Singh
Eklavya University, Damoh, India, erkundan09@gmail.com

Follow this and additional works at: https://www.interscience.in/ijssan
Part of the Digital Communications and Networking Commons

Recommended Citation
Kumar, Arunabh; Pawar, Shailendra Singh; and Singh, Kundan Kumar (2022) "An Efficient ICI Cancellation
Scheme to Mitigate the Effect of ICI on OFDM Systems," International Journal of Smart Sensor and Adhoc
Network: Vol. 3: Iss. 3, Article 8.
DOI: 10.47893/IJSSAN.2022.1223
Available at: https://www.interscience.in/ijssan/vol3/iss3/8

This Article is brought to you for free and open access by the Interscience Journals at Interscience Research
Network. It has been accepted for inclusion in International Journal of Smart Sensor and Adhoc Network by an
authorized editor of Interscience Research Network. For more information, please contact
sritampatnaik@gmail.com.

The Total ICI Cancellation Scheme to Mitigate the Effect of ICI on OFDM
Systems
Arunabh Kumara, Dr. Shailendra Singh Pawarb, Kundan Kumar Singhc
a
Department of ECE, EklavyaUniversity,Damoh,India, arunabh.k@gmail.com
b
Department of ECE, EklavyaUniversity,Damoh,India,pawars1981@gmail.com
c
Department of ECE, Eklavya University,Damoh, India, erkundan09@gmail.com

Abstract -Inter-carrier interference (ICI) emerges in orthogonal frequency division multiplexing
(OFDM) systems used for mobile communication as a consequence of the Doppler Effect's loss
of orthogonality among subcarriers. Inter-Carrier Interference (ICI), which affects every
subcarrier, drastically lowers performance. The performance of OFDM systems may be
enhanced using a variety of ICI mitigation strategies. Comparable subcarrier frequency offsets
are guaranteed by the premise that the OFDM transmission bandwidth is suitably modest in the
majority of ICI mitigation strategies, on the other hand. The frequency offsets between each
subcarrier might change, hence a wideband OFDM system in a situation with high mobility is
investigated. Furthermore, the suggested ICI cancellation approach, Total ICI Cancellation, does
not reduce bandwidth efficiency or transmission rate. As an example, the Total ICI Cancellation
approach uses the ICI matrix's orthogonality to provide perfect ICI cancellation and a significant
boost in BER at a linearly increasing cost. The suggested technique, which matches the BER
performance of a wideband OFDM system without ICI, offers the best BER performance
possible in the presence of frequency offset and time shifts in the channel, according to
simulation findings in the AWGN and multipath fading channels.
Keywords:Inter-carrier interference, OFDM, BER, AWGN, multipath fading channel

1. Introduction
The orthogonality between sub-carriers in orthogonal recurrence division multiplexing (OFDM)
communication frameworks is lost in portable radio channels as a result of the Doppler Impact
brought on by mobility [1]. Numerous solutions to the frequency-offset problem and the ICI for
OFDM systems have been proposed in the literature. The majority of these strategies use signal
processing and/or coding methods to lessen the frequency offset susceptibility of the OFDM
system. All existing ICI mitigation strategies are predicated on the idea that all subcarrier
frequency offsets are the same. Particularly important in high-speed aerial vehicle
communication systems is the fact that the Doppler shifts on individual subcarriers change
during wideband OFDM transmissions or non-contiguous OFDMs that cover a huge bandwidth.
This presumption is no longer true, however, since in a wideband OFDM system the Doppler
movement on the subcarrier with the lowest repetition frequency is entirely different from the
movement on the subcarrier with the highest repetition frequency [2]. This may be particularly
true for applications that need some degree of mobility, such as ethereal vehicle communication.
The information images that make up all N that are carried by the OFDM transmission are
spread-out over-all N subcarriers as one method that may be used to cut down on ICI. To achieve
International Journal of Smart Sensors and Ad Hoc Networks (IJSSAN), ISSN No. 2248‐9738 , Vol‐3, ISSUE‐3

83

this, a wideband OFDM architecture is used, with different carrier recurrence offsets for various
subcarriers.
Frequency Division Multiplexing (FDM) -Frequency division multiplexing refers to the
practice of utilizing a variety of distinct frequency channels in order to carry the information of a
number of different customers (FDM). The fundamental frequency of the broadcast is used to
identify each channel. A guard band or gap was provided between each channel to guarantee that
the signal from one channel wouldn't obstruct the transmission from another. It should go
without saying that this guard band would result in inefficiencies; however, they were initially
made worse by a lack of digital filtering, which made it difficult to filter densely packed
neighboring channels. It should go without saying that this guard band would result in
inefficiencies; however, they were initially made worse by a lack of digital filtering. Frequency
division multiplexing has been used to send several signals across a telephone line for a very
long time (FDM) [3].
Multiplexing using Orthogonal Frequency Division
When utilizing OFDM, a kind of multi-carrier modulation, the carrier spacing is carefully chosen
to ensure that each sub-carrier is orthogonal to the others. In order to achieve orthogonality, subcarrier frequencies must be properly chosen. The transmission capacity is split up into several
carriers using OFDM (Orthogonal Recurrence Division Multiplexing), each of which is adjusted
by a low-rate information stream [4].
The paper's goal is as follows. This paper proposes an effective ICI cancellation strategy to
reduce ICI's impact on OFDM systems. Redundant data is transferred into neighboring subcarriers to negate ICI at the receiver. With weighting coefficients, one data sign is modulated
into neighboring subcarriers. Received signals are linearly integrated on these subcarriers using
prescribed coefficients. ICI may be further decreased in received signals. This work improves
CIR conceptually and via simulations. The suggested technique doesn't raise system complexity
since channel equalization isn't needed to lower ICI.

2. OFDM Generation and Reception
The data from the digital source are converted into a subcarrier amplitude and phase mapping by
the component known as the transmitter. After that, a discrete inverse Fourier transform is
applied to the data in order to translate it from its spectral representation into the time domain
(IDFT). All practical systems make use of the Inverse Fast Fourier Transform (IFFT), which is
far more effective than an IDFT from a computing efficiency standpoint while still performing
the same 20 operations [5]. The predicted time domain signal and the desired frequency are then
combined to produce the OFDM signal. In the receiver, the action that is performed by the
transmitter is inverted. First, the RF signal is combined with the baseband signal for processing,
and then a Fast Fourier Transform is used to analyze the signal in the frequency domain (FFT).
The subcarriers' amplitude and phase are then isolated and transformed back to digital
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information. IFFT or FFT is used depending on whether the signal is being sent or received,
respectively. This qualification has an opposite effect on the names FFT and IFFT compared to
the flag. Binary data is extracted from the input bit stream. Signal Mapper modulates the parallel
bit stream with a slow data rate. BPSK, QPSK, and QAM are all examples of modulation
techniques. With the modulated data, an inverse fast Fourier transform produces There is a
precise frequency allocated to each subcarrier. The selected frequencies are aligned in a manner
that is orthogonal to one another. This block is where orthogonality in the subcarriers is first
introduced. Using the IFFT approach, the OFDM signals in the frequency domain are
transformed into the OFDM symbols used in the time domain. In order to prevent inter-symbol
interference, there is a guard gap between each OFDM signal (ISI). In order to convert parallel
data to serial data, all OFDM symbols are used as input. A whole frame is made up of these
OFDM symbols. One may compare a single OFDM signal to a collection of frames. This OFDM
signal may go via a D/A converter (DAC). The RF power amplifier in the DAC receives the
OFDM signal for transmission. Following that, the signal is subjected to processing by means of
an additive white Gaussian noise channel (AWGN channel).S At the receiver end, an analog to
digital converter (ADC) converts the received OFDM signal before being sent into a serial to
parallel converter. The Guard interval in these parallel OFDM symbols has been removed, which
makes it possible for them to go through the Fast Fourier transform.The OFDM symbols are
brought from the time domain into the frequency domain at this step of the process. After that, it
is sent to the Signal Damper to undergo demodulation. After this, the low-data-rate parallel bit
stream is changed into a binary format and then turned into a high-data-rate serial bit stream [6].
2.1 Orthogonality

When the dot product of two signals is zero, this indicates that the signals are orthogonal to one
another. In other words, if you combine two signals in which the frequency is constant during a
period, you will end up with two signals in that interval that are orthogonal to one another.
Orthogonality may be achieved by choosing the right carrier spacing, such as setting it equal to
the reciprocal of the useable symbol period [5,7]. The spectrum of each carrier has a null at the
center frequency of each of the other carriers in the system because the subcarriers are
orthogonal. According to science, if the required esteem during the interim [a a+T], where T is
the picture duration, is zero, the signals are orthogonal. As a result of the fact that the carriers are
orthogonal to one another, the nulls of one carrier coincide with the peak of another subcarrier.
The appropriate subcarrier may then be retrieved as a result.
𝑎+𝑇

∫𝑎

Ѱ𝑝 (𝑡) Ѱ𝑞 (𝑡) =

{

𝐾 𝑓𝑜𝑟 𝑝 = 𝑞
------------------------(1)
0 𝑓𝑜𝑟 𝑝 ≠ 𝑞

2.2 Doppler Shift
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It's a way of describing a shift of perspective. Received signals will have a different frequency
than the source if they are moving in respect to each other. Receiving signals have greater
frequencies than the source because they are closer together while receiving signals have lower
frequencies because they are further away. The Doppler Effect is the name given to this
occurrence. In order to create mobile radio systems, we must take into account this fact. The
Doppler Impact's repeating motion is determined by the source/receiver speed disparity and the
propagation speed of the wave. To represent the frequency shift caused by the Doppler effect
quantitatively by using source frequency, speed between source and receiver [6].
𝛥f = ±

𝑓𝑣
𝑐

cos Ɵ--------------(2)

2.3 Additive White Gaussian Noise (AWGN) Channel
All radio and other analogue physical channel-based communications systems include channel
noise, generally referred to as AWGN (additive white Gaussian noise). Inter-cellular
interference, thermal noise, and electrical noise in receivers are the main culprits. Noise may also
be generated. By way of inter-carrier interference, inter-modulation distortion, and inter-symbol
interference (ISI), the communications system is hampered by internal interference (IMD). The
degradation of system spectral efficiency is caused by a decrease in signal-to-noise ratio (SNR).
The most common cause of transmission failure in radio communication systems is noise. An
investigation of the relationship between system spectral efficiency and system noise levels is
thus crucial. Additive white Gaussian noise is a good approximation for most radio
communication system noises (AWGN). Because of its Gaussian amplitude distribution and
homogenous spectral density, this noise is white (normal distribution). Gaussian noise known as
AWGN generated from the amplification of thermal and electrical noise. Due to OFDM
transmission, most of the additional noise sources exhibit AWGN characteristics. AWGN
features are present in intercellular interference caused by other OFDM systems due to the flat
spectral density and Gaussian amplitude distribution of OFDM signals in the presence of many
carriers (more than around 20 subcarriers). In ICI, ISI, and IMD, OFDM signals have AWGN
features because of the same reason. The classical model of communication systems is used to
investigate them. An ideal (ideal) AWGN channel is a common starting point for research on
basic performance links. The AWGN channel: (ISI). An AWGN channel receives a signal with
white Gaussian noise added to it.
2.4 Offset in Frequency
There will be no crosstalk or interfering signals since all the sub-carriers are orthogonal. As long
as the subcarriers are harmonics of one another, orthogonality is maintained. If the frequency of
the sub-carriers changes at the receiver end for whatever reason, the orthogonality between them
is lost and ICI occurs. As a result, the quality of the transmission suffers substantially. Frequency
offset is the term used to describe the obvious shift in frequency.
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3. Literature Survey and Problem Formulation
The research by the author in [8] explains how mobile radio channels lose orthogonality
owing to frequency offset. The Inter-Carrier Impedances are the result of the repeated balancing
caused by mobility. A framework for OFDM that can be carried about with you. The BER
performance of an OFDM system with ICI is much worse than in a system without ICI. There
may be an opportunity to improve BER performance by lowering the ICI of the received signal
The BPSK modulation method may be used to effectively cancel all ICI generated in the OFDM
communication system. The use of a code matrix was an important part of the proposed strategy
for reducing ICI.
A study by the author in [9] describes the difference between narrow band and wide band
Doppler shift and the way to eliminate ICI in mobile wide band OFDM (Official Frequency
Division Multiplexing). The Doppler shift from one subcarrier to the next in narrowband OFDM
transmission is widely known, however this is not the case in wideband OFDM transmission. In
the ICI's MC-CDMA system, which uses wideband OFDM, all N data symbols are split into N
subcarriers and sent through the network.
Chunjie Duan and Weihua Gao's study in [10] shows how OFDM is sensitive to frequency
selective coding and ICI when the subcarrier spacing is considerably decreased. In order to get
rid of frequency selective fading and subcarrier spreading and get rid of ICI, a new design for an
OFDM transceiver that incorporates frequency redundant subcarrier mapping has been
suggested. As a result, the ICI self-cancellation is successful.
The author in [11] examines how frequency offsets in mobile communication affect the
orthogonality of subcarriers, resulting in Inter-carrier Interference. Using a channel with a
constant frequency offset, groups of two or three persons may enhance the carrier-to-interference
power ratio (CIR) by 15. 30 dB. Inter-carrier interferences may be reduced by using the ICI selfcancellation method. Offsetting ICI in OFDM may be as simple as this. Predetermined weighting
variables are used to modulate a single data signal onto many subcarriers. In this approach, the
ICI signals generated by a group may "self-cancel."
The work in [12] explains the matrix formulation for minimizing the ICI. Inter-channel
interference (ICI) may occur in third-generation (3G) evolution plans and other orthogonal
frequency-division multiplexing (OFDM) systems because of the loss of orthogonality among
subcarriers owing to phase noise and the time-varying propagation channel. To reduce the ICIs,
the received signal may be represented as a matrix, and then multiplied by the inverse of the
overall matrix of the channel. There may be no need to worry about the ICI in the received
signal.
For high mobility OFDM systems, Haowei Wu, Shizhong Yang, JinglanOu, and Lisheng
Yang published in [13] "Improved ICI Mitigation Scheme across Time-varying Channels," in the
Journal of Convergence Information Technology, in April 2011. SAGE-OSIC is an ICI
mitigation strategy that is stated as being applicable to highly mobile Orthogonal Frequency
Division Multiplexing. This technique is based on the space alternating generalized expectation
maxim (OFDM). An improved low-complexity mitigation approach for ICI is provided by this
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technology. The subcarriers in this strategy are updated sequentially based on the decreasing
SINR or SINR to noise ratio (SNR). Completed research on multipath fading and rapidly
changing channels have investigated computational complexity. In particular, the suggested
SAGE-OSIC strategy considerably outperforms the low-complexity ICI mitigation options based
on SAGE, without any increase in the computer complexity, as shown in this paper.
In [14] an ICI for underwater multicarrier transmissions is described that is developed via
fast modification of underwater acoustic (UWA) channels. There are a number of receivers
designed to receive the OFDM signals, and a comparative study is done. As a result, we're
looking at three different approaches to channel estimation: one using a basis expansion model
(BEM), one based on a path-based model, and one that ignores residual ICI. Using data from the
GLINT experiment, which was conducted in July 2008, and the SPACE experiment, which was
conducted in October 2008, the receiver performance is compared.

4. Issue Formulation
Carrier Recurrence Balanced (CFO), time counterbalanced, and Doppler motion all cause inter
carrier obstacles (ICI) in flexible long-distance communication systems. CFO is caused by a
transmitter fault and the collection of carrier frequencies from oscillators. A loss of sub-carrier
orthogonality caused by the presence of a CFO may lead to the creation of ICI. ICI mitigation is
essential because subcarriers are interfering with each other. It is suggested in this description
that ICI be entirely nullified by utilising a spreading code matrix.

5. Proposed Methodology
Previously, the ICI had to be completely cancelled. 64 subcarriers' NCFOs vary from 0.1 to
0.1012, which is a very little difference. However, across 512 subcarriers in a wide band OFDM
architecture, the NCFO changes from 0.1 to 0.11, which is considerable. As a result, the goal
here is to lower the overall ICI for all 512 subcarriers by minimising the fluctuation in NCFO.
BPSK modulation technique is employed for OFDM transmission and simulation of BER
performance is done with varying ε. Here using the same modulation technique i.e. BPSK, better
than existing BER performance is proposed.
⃗⃗⃗𝑌 = 𝑋 S + n

………………………………………(3)

⃗⃗ ={X(0),X(1), . . . , X(N
where S is the ICI coefficient matrix vector Xis the transmitted symbol 𝑿
− 1)}, vector Y is the received signal ⃗𝒀={Y(0), Y(1), . . . , Y(N − 1)}, and n={n0, n1, . .
…,nN−1}.
The OFDM signal with ICI at the receiver side can be thought of as an MC-CDMA system with
spreading code matrix S. The kth user's information symbol in this MC-CDMA signal with N
users is X(k), and the kth user's information symbol is the kth row of matrix S. The matrix S, on
the other hand, corresponds to
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𝒔(𝟎) 𝒔(−𝟏)
⋯
𝒔(𝟏) 𝒔(𝟎)
S=[
⋱
⋮ ⋮
𝒔(𝑵 − 𝟏) 𝒔(𝑵 − 𝟐) ⋯

𝒔(𝟏 − 𝑵)
𝒔(𝟐 − 𝑵)
]
⋮
𝒔(𝟎)

By applying a matrix multiplication to the received signal vector Y:, the ICI can be completely
removed from the OFDM signal.
⃗ S-1 = 𝑋+n S-1
𝑅⃗ = 𝑌

………………………………..(4)

Matrix S1 is the inverse of matrix S.
A comprehensive ICI cancellation method is presented here to remove ICI on mobile wireless
communication systems without sacrificing data throughput. Our quantization may be done in M
evenly spaced numbers while the receiver is oblivious of the normalised frequency offset.
ε'm = m · Δε, m =0, 1,...,M – 1

……………………………….(5)

where Δε is the quantization level of normalized frequency offset, and M is the number of
quantization levels:
Δε =1/M, m =0, 1,...,M – 1

………………………………..(6)

One of these M quantized ε’s is close to the true ε. Now, build M parallel branches at the
receiver. Each branch uses one of the M quantized ε’s to create the corresponding ICI coefficient
framework. Consequently M ICI coefficient lattices S0, S1,...,SN −1 are made, where the
mthlatticecompares to; smand it is spoken to by:

Utilizing these M networks, M choices can be made on the transmitted information vector X
where the mthdepartment will make choice on the estimation of X . It can be famous that the
one department whose ε'm is closer to the genuineesteem of ε ought toreplicate the gottenflag Y
m moreovercloser to the gottenflag vector Y . Subsequently it is required to calculate and
compare the Euclidean separations between the M duplicatedgottenflag vectors Y m and the
genuinegottenflag vector Y
and select the one having the leastremove to be the
leadingdepartment and select the evaluated data vector of that specificdepartment as the
ultimatechoice:
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6. Reenactment TOOL
MATLAB is a generic term that can refer to both a numerical computing environment and a
programming language (Lattice Research Facility). It is able to execute framework controls,
work and information representations, calculation execution, client interface design and
interaction with programs written in C, C++, Java and FORTRAN using the Mathworks product
MATLAB. For the simulations, we're using MATLAB R2013a. As one of many toolboxes
available in the MATLAB environment, the communication toolbox is one of several. MATLAB
may be used to calculate the BER. For OFDM simulation, MATLAB is an excellent tool.

7. Conclusion
Proposed simulative result analysis and data examination of ICI Cancellation techniques for
high-speed data communication concern are to reduce the ICI over a large variation of NFO for
all 512 subcarriers. BPSK modulation technique is employed for OFDM transmission and
simulation of BER performance will be done with varying ε. Here using the same modulation
technique i.e., BPSK, better than existing BER performance will beverified. How the MLE
technique shows better BER performance than basic OFDM and SC technique for both 0.1 and
0.11 offset values over 512 subcarriers will be verified through the proposed model.
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